Objectives To determine the severity of, and relationships between, upper extremity impairments, pain and disability in patients with diabetes mellitus, and to compare upper extremity impairments in patients with diabetes with non-diabetic controls. Design Case-control, cross-sectional design. Setting University-based, outpatient diabetes centre and physical therapy research clinic. Participants Two hundred and thirty-six patients with diabetes attending an outpatient diabetes clinic completed the Shoulder Pain and Disability Index (SPADI) questionnaire. A detailed shoulder and hand examination was conducted on a subgroup of 29 volunteers with type 2 diabetes, and 27 controls matched for age, sex and body mass index. Interventions None. Main outcome measures SPADI score, passive shoulder range of motion (ROM) and strength, grip strength, hand sensation, dexterity and limited joint mobility of the hand. Results Sixty-three percent (149/236) of patients with diabetes reported shoulder pain and/or disability [median SPADI score 10.0 (interquartile range 0.0 to 39.6)]. Compared with the control group, the subgroup of patients with diabetes had substantial reductions in shoulder ROM, shoulder muscle strength, grip and key pinch strength (P < 0.05). Patients with diabetes had a greater prevalence of decreased sensation (26/27 vs 14/27) and limited joint mobility of the hand (17/27 vs 4/27) compared with the control group. Total SPADI score was negatively correlated (P < 0.05) with shoulder ROM (r = −0.42 to −0.74) and strength measures (r = −0.44 to −0.63) in patients with diabetes. Conclusions Upper extremity impairments in this sample of patients with diabetes were common, severe and related to complaints of pain and disability. Additional research is needed to understand the unique reasons for upper extremity problems in patients with diabetes, and to identify preventative treatments.
Introduction
Upper extremity musculoskeletal disorders are a common and understudied problem in patients with diabetes mellitus [1] [2] [3] . Clinical syndromes described in patients with diabetes * Correspondence: Program in Physical Therapy, Washington University School of Medicine in St. Louis, USA. Tel.: +1 2145372153.
E-mail address: kshamata16@gmail.com (K.M. Shah). [2, 3] include, but are not limited to, shoulder adhesive capsulitis or frozen shoulder, limited joint mobility of the hand, Dupuytren's contracture and carpal tunnel syndrome. Prior reports have suggested that the prevalence of shoulder impairments is significantly higher in patients with diabetes (11 to 50%) [4] [5] [6] [7] [8] compared with those without diabetes (2 to 20%) [4, [6] [7] [8] . Similarly, the prevalence of hand impairments is variably reported to be 8 to 75% [6, 9, 10] [6, 10] . A significant relationship has been found between the prevalence of shoulder and hand impairments, suggesting that they often co-exist and may have a common mechanism [1, 6, 11] . Limited joint mobility in diabetes is thought to be caused by non-inflammatory thickening and increased stiffness in the peri-articular structures [12] . First observed at the hand, limited joint mobility may also occur at the shoulder [4, 9, 13] . At the beginning, limited joint mobility of the shoulder and hand may be painless and therefore unnoticed. However, limited joint mobility may precede severe upper extremity impairments associated with pain and/or disability. The presence of limited joint mobility and associated impairments at the shoulder and hand may have a significant impact on upper extremity function in patients with diabetes.
Studies have examined shoulder [7, [14] [15] [16] or hand [11, [17] [18] [19] [20] impairments in patients with diabetes, but the combined influence of shoulder and hand impairments on upper extremity pain and disability has not, to the authors' knowledge, been studied to date. A few studies have examined limited joint mobility of the shoulder and reported differences in range of motion (ROM) between patients with diabetes and those without diabetes [7, [14] [15] [16] , but studies of shoulder strength and upper extremity function are lacking. The aims of this study were:
• to determine the severity of upper extremity pain and disability in patients with diabetes attending an outpatient diabetes clinic. Pain and disability were estimated using the Shoulder Pain and Disability Index (SPADI) [21, 22] , a self-report questionnaire that has been used previously in patients with diabetes [5, 7] ; • to compare shoulder ROM, strength and hand function measures in subgroups of patients with diabetes and those without diabetes [matched for age, sex and body mass index (BMI)]; and • to determine the relationships between shoulder and hand strength and joint mobility, and upper extremity pain and disability in patients with diabetes.
Understanding these outcomes and relationships should help to focus future rehabilitation research and interventions in order to reduce the severity of upper extremity impairments and disability in patients with diabetes.
Methods

Participants
A flyer containing the SPADI questionnaire, demographic information sheet, cover letter and consent form was posted to 336 patients with diabetes enrolled on the Diabetes and Research Training Center Prevention and Control Core patient database. The flyer included a section for the participants to indicate if they wished to be contacted for an upper extremity examination. The cover letter encouraged the participants to respond even if they did not have pain and/or disability. Consent was also obtained to distribute 103 questionnaires at the diabetes clinic to unselected patients with diabetes who were willing to participate in the study. In total, 236 patients completed the questionnaire ( Table 1) . The SPADI self-report questionnaire contains 13 items that assess pain (five items) and disability (eight items) [21, 22] . Each item is scored from 0 to 10, and scores for each subgroup are averaged and converted to a percentage [22] . The total SPADI score is an average of the two subscores, and ranges from 0 to 100%; a higher score indicates more pain and disability. The SPADI questionnaire has excellent reliability, includes questions on shoulder and hand function, and is quick and easy (<5 minutes) to administer [23] .
A detailed shoulder and hand evaluation was completed on: (1) a subgroup of the first 29 patients with type 2 diabetes who agreed to participate when contacted by the research team; and (2) 27 individuals without diabetes or current shoulder pain/disability, who were well matched for age, sex, weight, height, BMI and handedness (P > 0.05; Table 2 ). A high effect size (Cohen's d = 0.8) was anticipated for all key outcome variables (shoulder ROM and strength, and hand function). Calculations indicated that a sample size of 27 in each group was required to find statistical differences between the groups [statistical power level = 0.8 and alpha = 0.05 (two tailed)]. Data from all participants in the diabetes group were used to examine the relationship between the SPADI score and upper extremity clinical measures. The control subjects were recruited from a university database of healthy volunteers. Participants in both groups were aged >35 years and did not have recent (past 6 months) shoulder injuries, known rotator cuff tears or neck pain. Information about occupation, and whether it involved overhead activities, was collected. The majority of participants in both groups were retired, and leisure-time hobbies included gardening, travel and reading. The control subjects also completed the SPADI questionnaire when they attended the clinic for their visit. All participants read and signed the consent form approved by the institutional review board. The same physical therapist, who was not blinded to group allocation, performed the clinical examinations of both upper extremities on all participants. For all evaluation measures, an average of two trials was used for data analyses, with adequate rests between trials.
Shoulder evaluation
Shoulder ROM was measured using a 12 plastic goniometer (Baseline, Elmsford, NY, USA) and standardised methods with established reliability [24] [25] [26] [27] . Active ROM was measured for flexion, abduction and external rotation ROM with the subject seated on a stool without a backrest [24, 25] . External rotation movement was measured with the arm close to the body and the elbow bent at 90 • [27] . Maximal passive ROM in the pain-free range was measured for shoulder flexion, abduction, internal rotation and external rotation with the subject in a supine position [24, 26] . Arm rotation was measured with the arm abducted to 90 • , and the elbow in 90 • flexion and neutral rotation [25, 26] . The active ROM assessment helped to 'loosen up' the joint prior to passive movement, and the passive ROM assessment helped to determine whether movement limitations were due to problems affecting joint structures.
Isometric strength (in kg) of the shoulder flexor, abductor and rotator muscles was measured using a hand-held, digital strain-gauge dynamometer (Microfet, Hoggan Health, UT, USA). The patient was in the supine position, and standard stabilisation (provided by the tester) and test positions were used [28] [29] [30] . The dynamometer was held proximal to the epicondyles for the measurement of flexor muscle strength, proximal to the lateral epicondyle for the measurement of abductor muscle strength, and proximal to the wrist for the measurement of internal and external rotator muscle strength. A 'make' test procedure (resistance applied throughout the range of motion) was used, where the subject was asked to ramp up the contraction for approximately 2 seconds and hold the maximum effort against the resistance applied by the therapist for 4 to 5 seconds. Rest periods were provided between the trials. Each muscle action was measured in a position that was unaffected by gravity, while holding the dynamometer perpendicular to the limb.
Hand evaluation
Grip and pinch strength (key pinch and palmar, in kg) were measured using a Jamar dynamometer (J.A. Preston, Grand Rapids, MI, USA) and a pinch gauge (B&L Engineering, Santa Ana, CA, USA), respectively. The subject was seated with their shoulder adducted and in neutral rotation, the elbow flexed at 90 • and the forearm in a neutral position [31] .
The nine-hole peg test (Sammons Preston, Cedarburg, WI, USA) was used to measure dexterity using standardised methods [11] . The participant placed pegs in nine holes using one hand at a time, and removed them as quickly as possible one at a time. The total time to complete each test was noted.
Limited joint mobility of the hand was quantified via the 'prayer sign'. Subjects' inability to press their palms together completely without a gap remaining between the opposed palms and fingers was termed a 'positive prayer sign' (Fig. 1 ) [9] .
Light touch perception was measured in the peripheral nerve supply of the hand using Semmes Weinstein monofilaments (Tactile sensory evaluator, Baseline, Elmsford, NY, Fig. 1 . The 'positive prayer sign' is the inability to press the palms together completely without a gap remaining between opposed palms and fingers.
USA) [20, 32, 33] . Filaments ranging from 2.83 to 4.31 (0.07 to 4 g force) were applied until they bent and #6.65 was applied just to bending. The smallest perceivable monofilament was noted. The grading for the monofilaments was as follows: intact (2.83), diminished light touch (3.61), diminished protective sensation (4.31), and loss of protective sensation (4.56 to 6.65) [32, 33] .
Statistical analyses
Statistical analyses were performed using Statistical Package for the Social Sciences Version 19.0 (IBM Corp., Armonk, NY, USA). The alpha level was set at P < 0.05. Descriptive statistics [percentages, means, standard deviations, medians, interquartile ranges (IQR) and percent changes] were used to describe outcome measures. There were no significant differences between right and left upper extremity evaluation measures in patients with diabetes; therefore, only data from the right upper extremity were included in the statistical analyses. All data were analysed using the Shapiro-Wilk test for normality, and nonparametric tests were used for representing SPADI scores, internal rotation strength measurements and dexterity measurements. Student's t-test and Chi-squared test (for limited joint mobility of the hand) were used to examine group differences in the upper extremity clinical measures, and Pearson's correlation coefficient was used to examine the relationship between the total SPADI score and upper extremity measures. Further, a hierarchical multiple regression analysis was performed using the total SPADI score as the dependent variable and the shoulder abduction ROM and hand grip strength as predictors. These measures were chosen a priori because: (1) abduction ROM provides an indication of one's ability to perform a variety of shoulder movements; and (2) grip strength is often used as a surrogate measure for decreased upper extremity strength and as a predictor of disability [19, 34] .
Results
Flyer
In total, 236 flyers, containing the SPADI questionnaire and demographic information, were collected from patients with diabetes [median total SPADI score 10.0 (IQR 0.0 to 39.6)]. The median SPADI pain subscore was 16.0 (IQR 0.0 to 48.0) and the median SPADI disability subscore was 5.0 (IQR 0.0 to 31.3). One hundred and thirty-three flyers were collected via post and 103 flyers were collected at the diabetes clinic. The overall response rate to the flyer was 54% (236/439). Subject characteristics are listed in Table 1 
Upper extremity evaluation
Subject characteristics of the patients with diabetes and the control group matched for age, weight, height and sex are represented in Table 2 . The majority of participants (46/56) reported that they were retired. Furthermore, 40 out of 56 participants said that their occupation did not involve overhead activities, eight said that their occupation involved overhead activities and eight did not respond to the question.
Shoulder measures
Passive flexion, abduction and external rotation ROM were reduced by 9% to 15% (P < 0.01) in patients with diabetes compared with the control group {right upper extremity [mean ( (7), mean difference −13 • , 95% CI of the difference −21 to −6; external rotation: 59 • (11) vs 67 • (9), mean difference −8 • , 95% CI of the difference −12 to −2; P = 0.01}. Mean shoulder flexor, and external and internal rotator strength were reduced by 11% to 26% (P < 0.05; Table 2 ) in patients with diabetes compared with the control group {right upper extremity [mean (standard deviation)] -shoulder flexor muscle strength: 10.9 (3.9) vs 14.7 (4.2), mean difference −3.8, 95% CI of the difference −6.0 to −1.5; shoulder external rotator muscle strength: 10.8 (3.3) vs 13.1 (3.7), mean difference −2.3, 95% CI of the difference −4.2 to −0.3; shoulder internal rotator muscle strength: 12.1 (3.8) vs 13.1 (3.7), mean difference −1.5, 95% CI of the difference −3.5 to −0.5}.
Hand measures
Grip strength and key pinch strength were decreased by 15% and 12% (P < 0.05), respectively, in patients with diabetes compared with the control group (Table 3) Table 3 ). Peripheral sensation was more frequently impaired in patients with diabetes compared with the control group (26/27 vs 14/27; Table 3 ).
Relationship between SPADI scores and upper extremity evaluation measures
There was a strong negative correlation between total SPADI score and shoulder ROM measures (r = −0.42 to −0.74, P < 0.05), and shoulder muscle strength (r = −0.44 to −0.63, P < 0.05; Table 2 ) in the patients with diabetes. Sixty-eight percent (P < 0.01) of the variance in total SPADI score was explained by shoulder abduction ROM (R 2 change = 0.55, P < 0.001) and grip strength (R 2 change = 0.13, P = 0.003).
Discussion
Sixty-three percent of patients with diabetes reported shoulder pain and/or disability, and 31% of patients with diabetes had substantial pain and/or disability, defined in this study as a total SPADI score of more than 30%. Upper extremity impairments in this sample of patients with diabetes attending an outpatient diabetes centre were common, severe, and related to complaints of pain and disability (Tables 1 to 3) . Shoulder ROM, especially external rotation and abduction, and strength were reduced (8 to 25%) and negatively correlated (r = −0.42 to −0.68) with SPADI score, indicating the close relationship between limited joint mobility of the shoulder, strength and upper extremity function. This is the first study to comprehensively report shoulder and hand impairments, and their relationship with upper extremity function in patients with diabetes. Shinabarger [14] measured shoulder active ROM in a small group of patients with type 2 diabetes (n = 9), and Abate et al. [16] measured passive ROM for flexion and abduction ROM, and reported a 2 to 14% reduction in ROM in patients with diabetes compared with those without diabetes. Adequate shoulder ROM, especially external rotation and abduction, and strength are particularly important for completing tasks of daily living such as reaching an overhead shelf, grooming and self-care. Interestingly, in a subgroup of patients with diabetes who had a SPADI score of 0% (n = 5), shoulder ROM and strength were reduced by 8 to 10% and 5 to 13%, respectively, compared with controls with similar SPADI scores, suggesting that early losses may not be recognised by the patient. Hand strength, mobility and sensation were decreased in patients with diabetes compared with the control group, contributing to the global upper extremity dysfunction in patients with diabetes. Savas et al. noted similar decreases in grip strength (16%) and key pinch strength (9%) in patients with diabetes compared with those without diabetes [17] . Significant differences in grip strength and sensation in the hand have also been recorded in other studies [11, [18] [19] [20] 35] . Individuals with diminished protective sensation may have decreased hand function, leading to difficulty in manipulation of small objects and a tendency to drop objects [11, 32] . Hand dexterity, although reduced, was not significantly different between the two groups in this study. Redmond et al. [11] reported that 38% of the variance in Disability of Arm Shoulder and Hand score was explained by grip strength, dexterity and BMI measures. In the present study, 68% (P < 0.01) of the variance in total SPADI score was explained by abduction ROM and grip strength, verifying that measurable upper extremity impairments are related to complaints of pain and/or disability. Previous studies have failed to report the combined influence of these shoulder and hand impairments on overall upper extremity function. The results from this study support the hypothesis that shoulder and hand impairments impact upper extremity function in patients with type 2 diabetes. Future studies in patients with diabetes should focus on studying the shoulder and hand as one functional unit.
This study characterised insidous upper extremity impairments in patients with diabetes, and these results may help to develop appropriate treatment strategies for these individuals. If impairments are identified at an early stage, simple exercises that focus on improving upper extremity ROM (especially external rotation and elevation, and strength) may be administered to minimise or prevent further detrimental changes in patients with diabetes. In one of the few prospective studies on shoulder disorders in diabetes, Laslett et al. [5] reported that 45% of patients with diabetes had shoulder pain and/or disability, as measured via the SPADI. In a 12-month follow-up, 25% of individuals who reported no pain and/or disability at baseline developed clinically significant pain or disability (10% point change on the SPADI). Additionally, of the patients with pre-existing pain and/or disability, 50% developed clinically significant worsening of pain and/or disability. It is postulated that diabetes causes loss of ROM and strength that may hit a 'threshold' leading to severe upper extremity limitations and disability. Further research is needed to understand the factors that may be associated with the progression of upper extremity impairments in patients with diabetes, and to determine if exercise can be used to help prevent the problems.
This study adds to the growing body of research describing limited joint mobility in the upper and lower extremities of patients with diabetes [16, 36, 37] . The underlying mechanisms that lead to these systemic musculoskeletal changes need further investigation. The primary mechanism for limited joint mobility is believed to be the condensation of glucose and metabolic intermediates to form advanced glycation end-products (AGEs) [12, 38] . AGEs accumulate in tissues with low protein turnover such as skin and tendons, and lead to cross-links making the tissues thicker, stiffer and weaker, and therefore, more prone to injury [39] . These structural changes may affect joint movement. Although detailed kinematic studies have been performed on the shoulders of patients with adhesive capulitis [40] , additional research is needed to understand the three-dimensional glenohumeral and scapulothoracic ROM deficits unique to diabetes and limited joint mobility. Investigating the relationships between AGEs, structural changes and upper extremity movement impairments will provide insights into the upper extremity musculoskeletal problems in patients with diabetes. A better understanding of the physiological and movement-related factors associated with diabetic musculoskeletal problems may lead to enhanced treatment strategies (i.e. exercise or pharmalogical) to manage or even prevent the problems.
Study limitations
This study sought to collect data from a representative sample of patients with diabetes attending an outpatient clinic, but there may have been sampling bias between the respondents and non-respondents in the questionnaires. To minimise this bias, a cover letter was included that encouraged the participant to respond even if they did not have pain/disability, and SPADI information was collected at the diabetes clinic for patients with diabetes, not selected by their pain/disability levels. While upper extremity impairments were evaluated in patients with diabetes with varying levels of pain and/or disability, there is also the possibility of sampling bias. Patients with diabetes and controls were matched for age, weight, height, BMI, sex and handedness, which allowed group differences (patients with diabetes vs controls) in upper extremity function to be examined with greater confidence. It is acknowledged that the physical therapist who took the clinical measurements was not blinded to group allocation, which may have led to bias. Lastly, as this was a cross-sectional study, the authors cannot comment on the temporal relationship between the development and progression of upper extremity problems. Additional research on a large sample of patients with diabetes is needed to determine more clearly if the insidious loss of shoulder ROM is a precursor to severe shoulder disability.
Conclusions
A substantial majority (63%) of patients with diabetes in this study reported shoulder pain and/or disability. Compared with the control group, patients with diabetes had considerably limited joint mobility and strength deficits in the shoulder and hand, and decreased sensation. Complaints of upper extremity functional deficits, and pain and/or disability were highly correlated with shoulder and hand ROM, especially shoulder external rotation and abduction, and strength deficits. These impairments, which may be overlooked in the rehabilitation clinic setting, are related to functional deficits and may lead to difficulty in performing daily life activities. Further studies are needed to better characterise upper extremity movement impairments in diabetes, and the pathological mechanisms and methods for prevention and treatment.
